Abstract. Given N, M, and s, a method of generating an N x M binary matrix such that every nonzero x s binary pattern occurs exactly once as its submatrix is presented. This construction is based upon a systematic filling of the matrix with a maximal length recurrent sequence and gives several new solutions yet unreported.
1. Introduction. In this paper we consider the problem of construction of an N x M binary matrix A such that any s nonzero binary pattern occurs exactly once as its submatrix. Similar problems have been attempted earlier by various authors.
Reed and Stewart [5] considered the existence of A given only and s. Gordon [2] later extended their result and showed that given any and s, one can always find N and M, N > t, M > s such that all s submatrices (in the toroidal sense) in A are distinct. A is then called a perfect map. All the s nonzero binary patterns are not necessarily the submatrices of a perfect map. However, a perfect map with parameters M 2 1 and N (2 s'-1)/M and containing all the x s nonzero binary patterns was exhibited in 12]. When N and M are relatively prime, a pseudorandom array also gives a perfect map with the same parameters [3] .
The toroidal perfect maps of [2] , [3] and [5] [2] . In this paper, we give a criterion for filling up the matrix A with a maximal length recurrent sequence (MLRS) such that A will have the required property. Four schemes have been described which satisfy the criterion and hence generate A for all the earlier known cases and for several new ones. This criterion also enables one to construct A for any M, N, s and satisfying (1.1). We have included here the solution to the problem (for all the possible parameter combinations with st <-15) obtained by a computer search made easy with the help of the criterion.
2. Preliminaries. A linear recurrent sequence {Xi} of the elements of GF(q), (q" a prime power) of period q"-1 may be obtained from the recurrence relation (2.1)
over GF(q) with arbitrary nonzero initial condition if the constants a l, a2,''', an GF(q) are chosen such that the polynomial (2.2) x -alxn-l-aEx n-2 an is primitive over GF(q). We will use the following property of this maximal length recurrent sequence (MLRS). LEMMA 1. Let be the root of the polynomial (2.2) and il, i2, i,, any n integers such that i1,i2,... ,fli. are linearly independent over GF(q). Then the n-tuple (xi+il, xi+i," xi+i.) assumes all the nonzero values exactly once in the range 0 <-i <-
Proof. Solution of (2.1) can be expressed as [6] xi=Tr ( The matrix on the right-hand side is nonsingular over GF(q) as the elements in the first column are linearly independent by assumption. Thus there is a one-one correspondence between the n-tuple (xi+i, xi+i, , x/.) and the quantity b i. But as fl is the primitive element of GF(q"), bfl and hence (xi+i, x+i,"', xi+i.) takes all the possible q" 1 nonzero values as runs over 0 <_-<_-q" 2.
Since we are interested in binary matrices we will restrict ourselves to q 2.
However it should be mentioned that the methods developed in this paper can be generalized to the case of matrices with q symbols.
Consider an MLRS {xi} of period 2 st-1 generated by (2.1) with n st. We now state the central result of this paper. (2) as/3 is the primitive element of GF(2S'). Thus (C3) is satisfied and the matrix generated will have the required properties. /" 1 trivially satisfies (3.1) and gives dimensions identical to Banerji's case (ii). 
where {xi} is obtained from the recurrence relation over GF(2):
Xi Xi-1 + Xi-2 + Xi-7 "+" (For a list of primitive polynomials over GF(2), refer to [4] ). With the initial conditions We give below the transpose of the required matrix whose rows, for convenience, have 
